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RUGHURIPLOOL.HOYLQ8QGHUDGLDEDWLFDQGUHYHUVLEOHFRQGLWLRQVWKHWHPSHUDWXUHYDULDWLRQVH[SHFWHGDUHSURSRUWLRQDO
WRWKHVXPRISULQFLSDOVWUHVVHV
7KH LQIUDUHG GHWHFWRU RI WKH WKHUPRFDPHUD LV DEOH WR GHWHFW WKH LQIUDUHG IOX[ HPLWWHG IURP WKH VXUIDFH RI WKH
VWUHVVHGERG\DQGLWSURGXFHVDVLJQDOSUHODWHGWRWKHVXPRIWKHSULQFLSDOVWUHVVHV
SA V '    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ZKHUHA LV WKHFDOLEUDWLRQIDFWRUGHSHQGLQJRQPDWHULDONLQGRILQVWUXPHQWXVHGDQGHQYLURQPHQWDOFRQGLWLRQVRI
WKH WHVW&DOLEUDWLRQRI WKHUPRHODVWLFVLJQDO LVQHHGHG WRGHWHUPLQHADQG WKHQ WRHYDOXDWHǻıDQG LW LVSHUIRUPHG
XVXDOO\E\PHDQVRIWKUHHGLIIHUHQWDSSURDFKHV>>@
7KHIROORZLQJLPSRUWDQWUHODWLRQVKLSLVREWDLQHGIRUWKHUPRHODVWLFVLJQDOREWDLQHGIURPDSRLQWr, șLQDFUDFN
WLSVWUHVVILHOGUHVXOWLQJIURPDQ\FRPELQDWLRQRIPRGH,DQGPRGH,,ORDGLQJ>@
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)URPHTLVHYLGHQWDVyDQG1/S2maxDUHOLQHDUO\UHODWHGDQGWKDWSURYLGHGWKHFRQVWDQWALVNQRZQKIFDQEH
REWDLQHGGLUHFWO\IURPWKHJUDGLHQWRIDJUDSKRIyYHUVXV1/S2max
,QWKHVDPHZD\WKHDQDO\VLVIRUPRGH,ORDGLQJFDQEHEDVHGRQVLJQDOSORWVDORQJOLQHVSHUSHQGLFXODUWRWKH
FUDFNDQGDKHDGRIWKHFUDFNWLSx=constant>@
$VH[DPSOHLQ)LJELVSORWWHGWKHPD[LPXPVLJQDOSmaxDURXQGWKHFUDFNWLSYHUVXVWKHYHUWLFDOGLVWDQFHy
IURP WKHFUDFN WLSJURZWKGLUHFWLRQ7KHDQJXODUFRHIILFLHQWRI WKHEHVW ILW OLQHRIFROOHFWHGGDWDSURYLGHV WKH6,)
YDOXH

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
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a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ǻKI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
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ZKHUHa LV WKH FUDFN OHQJWKN LV WKH F\FOHV QXPEHU LQWHUYDOǻKI LV WKH VWUHVV LQWHQVLW\ IDFWRUC DQGm DUH WKH
FKDUDFWHULVWLFFRQVWDQWVRIWKHPDWHULDO
7KHUPRHODVWLF SKDVH GDWD FDQ EH XVHG IRU LGHQWLI\LQJ WKH FUDFN WLS DQG WKH ORFDO GDPDJH LQPDWHULDO >@ ,Q
SDUWLFXODULQWKLVZRUNWKHSURFHGXUHSURSRVHGE\$QFRQDet al.>@ZDVXVHGWRHYDOXDWHWKHFUDFNWLSJURZWK

([SHULPHQWDOVHWXS
3.1. Specimen geometry and materials 
7ZRVWDLQOHVVVWHHOVZHUHXVHGLQ WKLVZRUN$,6,DQG$670$JUDGH)10ZLWKPDUWHQVLWLF ODWWLFH
0DUWHQVLWLF VWDLQOHVV VWHHOVKDYHDKLJKHUPHFKDQLFDO VWUHQJWKREWDLQHGE\DTXHQFKLQJKHDW WUHDWPHQWEXW OLPLWHG
FRUURVLRQUHVLVWDQFH,Q$670$JUDGH)10ı876 03D>@WKHDGGLWLRQRI&KURPLXPLQ
ZHLJKWDOORZVWRLPSURYHFRUURVLRQUHVLVWDQFHE\IRUPDWLRQRIWKHR[LGHVDQGLWDOVRSHUPLWVWRDYRLGWKHGHSOHWLQJ
RI&KURPHIURPODWWLFH>@,Q$,6,ı876 03D>@WKHSHUFHQWDJHRIFKURPLXPLVLQZHLJKW
DQGPRUHRYHU WKHSUHVHQFHRI:9DQG0RDOOR\VLQ WKHODWWLFHIDYRULWHV WKHFRPSOH[FDUELGHSUHFLSLWDWLRQ6R
WKLVVWHHOFDQEHWHPSHUHGDWUHODWLYHKLJKWHPSHUDWXUH&ZLWKRXWKDYLQJFKURPLXPGHSOHWLQJRIWKHODWWLFH,W
LVDVWDQGDUGW\SHRIPDUWHQVLWLFVWDLQOHVVVWHHO>@
&RPSDFW7HQVLRQVSHFLPHQVLQQXPEHURIWKUHHZHUHXVHGZLWKGLPHQVLRQVDFFRUGLQJWR$670(>@
,Q )LJ  GLPHQVLRQV RI WKH VSHFLPHQ DUH UHSRUWHG LQ PP 6SHFLPHQV ZHUH VSUD\HG ZLWK IODW EODFN VSUD\ IRU
LQFUHDVLQJHPLVVLYLW\WR
3.2. Test procedure 
7KHWHVWVZHUHFDUULHGRXWZLWKWKH076PRGHOVHUYRK\GUDXOLFIDWLJXHPDFKLQHZLWKDN1FDSDFLW\,Q
DFFRUGLQJWR$670(±WKHFRQVWDQWIRUFHDPSOLWXGHSURFHGXUHZDVXVHGDWDFRQVWDQWIRUFHUDQJHǻ3IL[HG
VWUHVVUDWLR5 DQGIUHTXHQF\I +]7KHWDEOHVKRZVWKHUDQJHXVHGGXULQJWHVWV

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
)LJ6SHFLPHQGLPHQVLRQLQPPDFFRUGLQJWR$670(

7KHUPRHODVWLFGDWDZHUHDFTXLUHGE\PHDQVRI WZR LQIUDUHGFDPHUDVSODFHGRQRSSRVLWH VLGHVRI WKH VSHFLPHQ LQ
RUGHU WRPRQLWRULQJ WKH FUDFNJURZWK RQ ERWK VXUIDFHV DV UHTXLUHGE\$670( ,Q SDUWLFXODU LWZDV XVHG D
FRROHG)/,5,5;6&LQIUDUHGFDPHUDZLWKDLQGLXPDQWLPRQLXPGHWHFWRU[SL[HODQGDFTXLVLWLRQUDWH
RI+]DQGWKH'HOWD7KHUPGHYHORSHGE\6WUHVV3KRWRQLFVZLWKDQLQGLXPDQWLPRQLXPGHWHFWRU[
DQGDFTXLVLWLRQUDWHRI+])LJ7KHGLVWDQFHVIURPWKHVSHFLPHQZHUHUHVSHFWLYHO\FPDQGFPLQRUGHU
WRREWDLQDPPSL[HOUDWLRRIIRU WKHILUVW LQIUDUHGFDPHUDDQGIRU WKHVHFRQGRQH$OOVSHFLPHQVZHUH
SUHFUDFNHGXQWLOWRPPDFFRUGLQJWR$670(7KHUPRHODVWLFGDWDZHUHDFTXLUHGZLWKDFRQVWDQWLQWHUYDO
RIF\FOHVZLWKERWKLQIUDUHGFDPHUDV



)LJ([SHULPHQWDOVHWXSXVHGIRUWHVWLQJ
'DWDDQDO\VLV
'XULQJ IDWLJXH WHVWV D VHULHVRI WKHUPRJUDSKLF VHTXHQFHVZHUHDFTXLUHGZLWK LQIUDUHG FDPHUDV$PSOLWXGH DQG
SKDVH GDWDZHUH REWDLQHG IRU HDFK VHTXHQFH SHUIRUPLQJ WKH GDWD SURFHVVLQJ E\PHDQV RI D VXLWDEOH VRIWZDUH ,Q
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SDUWLFXODUWKH6WUHVV3KRWRQLFVVRIWZDUHZDVXVHGIRUGDWDDFTXLUHGE\'HOWD7KHUPV\VWHPZKLOH,57$VRIWZDUH
ZDVXVHGIRUWKH)OLU;VF
$QHZSURFHGXUHLVSURSRVHGWRHYDOXDWHWKH3DULV(UGRJDQODZWKHQHZSURFHGXUHWURXJKWKHRQOLQHPRQLWRULQJ
RI WKH FUDFN WLSJURZWK DQG WKH HYDOXDWLRQRI WKH VWUHVV LQWHQVLW\ IDFWRU LV FDSDEOH WRGHWHUPLQH WKH FKDUDFWHULVWLF
FRQVWDQWRIWKHPDWHULDOm, C
)LUVWO\WKHFDOLEUDWLRQFRQVWDQW$HTQHHGHGWREHDVVHVVHG,QWKLVUHJDUGLQWKLVZRUNLWZDVXVHGD³GRJ
ERQH´VSHFLPHQPDGHRI WKHVDPHPDWHULDOXVHGIRU WHVWV ,Q WKLVZD\ WKHFDOLEUDWLRQFRQVWDQWAFDQEHDVVHVVHG
PHDVXULQJ WKHDYHUDJH WKHUPRHODVWLF VLJQDOSRQ WKHJDXJH OHQJWKDUHDRI³GRJERQH´VSHFLPHQ)LJ7KHQE\
NQRZLQJWKHVWUHVVILHOGRQWKHJDXJHOHQJWKDUHDRIVSHFLPHQWKHFRQVWDQWAZDVREWDLQHGE\PHDQVRIHTXDWLRQ


)LJ$PSOLWXGHVLJQDOPDSRID³GRJERQH´VSHFLPHQDQGDUHDFRQVLGHUHGIRUWKHPHDVXULQJRIWKHWKHUPRHODVWLFVLJQDOS$,6,
7DEOH VKRZV WKHYDOXHVRI WKH FDOLEUDWLRQ FRQVWDQWA REWDLQHG IRU$,6,DQG$670ZLWK WKH VWUHVV
DPSOLWXGHXVHGIRU³GRJERQH´VSHFLPHQV
7DEOH&DOLEUDWLRQFRQVWDQWADQGVWUHVVDPSOLWXGHXVHGIRU³GRJERQH´VSHFLPHQV
0DWHULDO /RDGǻ3>03D@ $>03D6LJQDO@
$,6,  
$670)10  

7KHSURSRVHGSURFHGXUHFDQEHVXPPDUL]HGDVIROORZV)LJ
7KHUPRJUDSKLFVHTXHQFHDFTXLVLWLRQZLWKLQIUDUHGFDPHUD

 7KHUPRHODVWLFSKDVHDQGDPSOLWXGHLPDJHVDYLQJ

 (YDOXDWLRQRIWKHPD[LPXPYDOXHRIWKHUPRHODVWLFVLJQDOIURPWKHDPSOLWXGHLPDJH

 $XWRPDWLFGHWHFWLRQRIDQDQDO\VLVDUHD>$@DURXQGWKHPD[LPXPYDOXHRIWKHUPRHODVWLFVLJQDO

 D(YDOXDWLRQRIWKHVWUHVVLQWHQVLW\IDFWRUǻ.,
E$XWRPDWLFH[WUDFWLRQRIWKHVDPHDUHD>$@IURPSKDVHGDWDSKDVHLPDJH

 1RUPDOL]DWLRQRIWKHVHOHFWHGDUHDLQRUGHUWRUHSRUWWKHDYHUDJHSKDVHGDWDWR]HUR>$Q@ >$@PHDQ>$@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